The objective of the research was to assess how proximity to parks and recreational resources affects the development of childhood obesity through a longitudinal study. Data were collected on 3173 children aged 9-10 from 12 communities in Southern California in 1993 and 1996. Children were followed for eight years to collect longitudinal information, including objectively measured body mass index (BMI). Multilevel growth curve models were used to assess associations between attained BMI growth at age 18 and numerous environmental variables, including park space and recreational program access. For park acres within a 500 meter distance of children's homes, there were significant inverse associations with attained BMI at age 18. Effect sizes were larger for boys than for girls. Recreation programs within a 10 km buffer of children's homes were significantly and inversely associated with achieved levels in BMI at age 18, with effect sizes for boys also larger than those for girls. We conclude that children with better access to park and recreational resources are less likely to experience significant increases in attained BMI.
Introduction
Obesity is a serious and worsening public health problem. The occurrence of overweight risk and high body mass index (BMI) status in youth age 2-19 years increased to approximately 32% by 2003-2006, up from approximately 15% in the 1970's (Ogden et al., 2008) . Obesity can be detrimental to children's health, increasing risk of type 2 diabetes, cardiovascular disease, and additional physical or psychological problems (Dietz, 1998) . Additionally, overweight children and adolescents are more likely to become overweight adults (Freedman et al., 2007) . Many potential explanations exist addressing the root causes of the obesity problem. While genetic factors probably contribute (Stunkard, 1991) , rapid increases in obesity suggest that individual behavior patterns including low levels of physical activity appear to powerfully influence obesity trends (Hill and Peters, 1998) .
The urban built environment, including parks and other green space, and recreation programs that provide structured settings for exercise, might also shape opportunities for physical activity, affecting development of obesity. Research suggests that physical characteristics of the built environment surrounding a child's neighborhood or school can significantly influence physical activity and thus health outcomes (Sallis et al., 1997; Cummins and Jackson, 2001; Godbey et al., 2003; Ho et al., 2003; Godbey et al, 2005) . Parks especially have been investigated (Bedimo-Rung et al., 2005) , while recreational programming has been infrequently studied for either adults or children (Dahmann et al., 2010) .
Leisure researchers established the benefits of parks from social, psychological, and environmental standpoints but recent public health studies focus on the role of parks in promoting physical activity (Sallis et al., 1992; Cummins and Jackson, 2001) . Several studies have specifically examined relationships between parks and children's physical activity (Sallis et al., 2000; Krizek et al., 2004) . Many show that children with more access to parks and recreational facilities are more active than children with less access (Sallis et al, 1992; Gomez et al, 2004; Timperio et al., 2004) . Measures used in such research include presence vs. absence of a park or recreation facility near the home, density of facilities, or total acreage of recreational land within a given radius of the home (Mota et al., 2005; Norman et al., 2006; Roenmich et al., 2006) . A few studies (Sallis et al., 1999; Pate et al., 2002) using accelerometry to measure physical activity objectively, as opposed to self-report or direct observation that might be subject to bias (Davison and Lawson, 2006) , reported no link between physical activity and environmental variables including access to parks. Giles-Corti et al. (2005) outlined the importance of attractiveness and size of open space in addition to access and proximity. In a series of studies (Giles-Corti et al., 2003; Giles-Corti and Donovan, 2002) , associations between environmental factors and physical activity were examined in a sample of adults age 18-59 in Perth, Australia. Using cross-sectional surveys and a scan of environmental facilities, these studies adjusted for demographics and variations in the built environment (e.g. absence vs. presence of sidewalks, access to recreational facilities). They reported that parks were more likely to encourage physical activity if they were perceived as aesthetically pleasing (minor traffic, sidewalks, trees, retail shops).
Only a handful of studies have objectively measured environmental characteristics such as parks or recreational resources, to understand their association with obesity in children or youth. Methodological issues of concern include the use of varying measurements and the limiting nature of the cross-sectional design. In a cross-sectional study, for example, Kligerman et al. (2006) used a 4-component neighborhood walkability index (that reflected the quality of pedestrian facilities, roadway conditions, land use patterns, and community support, security and comfort for walking), and access/proximity to recreation facilities as determinants of physical activity and obesity in adolescents as measured by BMI, finding that BMI was not significantly related to these environmental variables (Kligerman et al., 2007) . Norman et al. (2006) , employing similar measures, also reported a lack of significant relationships between BMI and the built environment variables, as did Liu et al. (2006) and Burdette and Whitaker (2003) ,using somewhat different built environment measures. Gordon-Larsen and colleagues (2006) , in contrast, used distance to nearest physical activity facility in a sample of 7 th to 12 th grade adolescents to determine relationships between recreational facility proximity and obesity, finding significant links between absence or reduced access to facilities, decreased physical activity, and increased obesity in low socioeconomic status and high minority neighborhoods.
Publicly-provided recreational programming is among the least studied determinant of physical activity and childhood obesity. Dahmann et al. (2010) , in a cross-sectional study, audited recreation programs from southern California municipalities, finding that areas with higher population density, lower incomes, and a greater share of minority residents had inferior access to public recreational programming; but this study did not relate the distribution of recreational resources to either physical activity or obesity.
To assess the influence of parks and recreation, it is also necessary to include control for built environment variables that may be associated with the BMI and recreation programs or parks. The literature points to a wide range of factors in the built environment that may influence cardio-metabolic outcomes including obesity (Leal and Chaix 2010) . Dietary intake has direct links to obesity and might be associated with the availability of food resources such as supermarkets, restaurants, and fast-food outlets, along with family influences that may themselves be grounded in class, race/ethnicity and cultural background (Charreire et al. 2010) . Built environmental characteristics related to pollution exposure can be directly linked to the onset of acute and chronic health conditions such as asthma that limit physical activity (Jerrett et al. 2009; McConnell et al. 2010) . Recent studies have also identified traffic density as a potential risk factor for obesity formation in children ). Finally, the social conditions, such as poverty and unemployment, as well as crime, may also negatively influence park use and recreational program utilization and be related to obesity (Dahmann et al 2010) . In assessing the influence of parks and recreational programming, these variables must be taken into account in the modeling strategy.
Methods
We hypothesize that parklands and recreation programs are related to longitudinal obesity outcomes in children. To test this hypothesis, we developed a comprehensive inventory of recreation programming for a large cohort of children as well as an extensive array of other built environment, household and individual variables that may confound associations between parks or recreational programming and BMI growth in children . We utilized advanced multilevel growth curves to assess the associations between access to parks and to recreation programs, and obesity in children aged 10-18 years.
Study design
As part of the Southern California Children's Health Study (CHS), a cohort of 3173 children aged 9-10 from 12 communities in Southern California were enrolled in 1993 and 1996 to assess associations between respiratory health and environmental factors. Details on the design, site selection, subject recruitment and assessment of health effects were reported elsewhere (Navidi et al., 1994) . At baseline, a parent/guardian of each participating child provided written informed consent and completed a written questionnaire on demographics, history of respiratory illness and associated risk factors, indoor exposure sources, physical activity, and household characteristics. Each spring an update questionnaire was completed by each child, and pulmonary function test measures were obtained along with physiologic measures such as height and weight.
Every subject had height and weight measured by a trained technician at baseline and annually through the 8-year follow-up. Two-person technician teams followed a standardized protocol, using torpedo levels to accurately measure height and routine weight scale calibration procedures, procuring accurate measures of BMI as kg of weight/height squared in m. The built-environment measures of interest, namely parklands, and recreation programs/facilities around the children's homes and schools, were derived from buffer analysis using the Arc 9.2 Geographic Information System (ESRI Redlands, CA). These features were linked to each child's BMI and individual questionnaire data based on the children's home addresses. Physical features (e.g., elevation) and social environment variables (e.g., poverty in the census block of residence) were also collected as potential confounders (see Jerrett et al. 2010 for more detail on variable construction and the variables tested). Home locations were geocoded using the Teleatlas geocoding database to the corresponding road network. The research protocol was approved by the Institutional Review Board of the University of Southern California and the University of California, Berkeley.
Characteristics of study communities
The study area communities are heterogeneous in terms of size, social dimensions, urban form, and environmental characteristics as well as racial composition, household income, crime, poverty and unemployment rates. Communities vary from low-density suburbs to higher density, older urban centers. Communities also vary in terms of walkability, impervious hardscape (such as concrete sidewalks, paved plazas, parking lots or roadway pavement) and green cover in the form of shrubs, grasses and trees. The CHS communities enjoy very different parkland and recreational program resources; three communities offer little/no recreational programming (Figures 1 and 2 ).
Measures of the built environment
We organized an array of GIS variables to characterize the urban environment of study communities . These included both built environment measures (such as street pattern, traffic, and uses, green cover, and so on), and measures of the socio-economic environment (including poverty, unemployment, demographics, and crime rates). Some measures were at the town level, while others characterized the immediate neighborhoods around children's homes and schools, either by using census block group data or buffers. Unless otherwise noted, buffer variables were tested with 500 m Euclidian buffers . Variables at smaller radii indicated that some features had limited data available below 500 m, while larger radii buffers beyond 500 m tended to diminish the effect sizes.
Park space (in acres) was measured around the children's home with a 500 m buffer (roughly a quarter mile distance), a distance that provides easy access (10-15 minutes of travel time) for children going to a park on foot or bike (Dill 2004; Wolch et al., 2005) . Only the area within the buffer distance was included. We also tested both smaller (250 meter) and larger (750 and 1000 meter) buffers; the former were unstable in terms of model performance, and the latter had less predictive power. While small parks tend to be used more often by children, the small and large parks were found to have similar frequency of usage by adolescents (Grow et al., 2008) . Parents may provide more car transportation for their adolescents to team sports or other structured activities at sports facilities such as facilities in large parks, which may be farther from home. The spatial distribution of public parks in the study region is shown in Figure 3 . Four datasets were used to characterize land use such as parks (as well as to understand the distribution of residential, industrial and commercial land uses). As most study participants resided in the Southern California Association of Governments (SCAG) area, the SCAG land use classification system, with 13 main categories, was used as the standard. Three other classification systems were used after careful harmonization of their classification systems with the SCAG classifications: the San Diego Association of Governments, the Santa Barbara Assessor's office, and the City of Atascadero. Definitions of parks were reasonably uniform across datasets.
Measures of recreational programming
While parks are often the venue for recreation programs, such programs are also offered at stand-alone recreation centers and even in nonprofit sports centers under municipal auspices, and numbers of programs per venue ranges widely, making simple access measures a poor estimate of this potentially beneficial exposure (Dahmann et al., 2010) . We thus computed the number of municipal recreation programs targeted to those under 18 and involving some level of physical exertion, available within 5 and 10 kilometer buffers of children's homes, for inclusion in our modeling framework.
Recreational programming data were collected by means of an audit of public recreation courses performed during the summer 2006. Recreational offerings were gathered from municipal park and recreation brochures and materials. Most data were collected via internet search and validated through telephone contact, mailings and ground truthing. A focus was placed specifically on formally organized recreation opportunities. Recreational course offerings needed to be sponsored by either the municipality or a non-profit organization, be offered at a city-owned facility or held at a non-city owned site but yet still be sponsored by the city. For each recreation course meeting the criteria, we recorded location, type of activity, frequency of the program, age group, gender, enrollment size, capacity, and cost. If a program was sponsored by a non-profit organization, the name of the organization and whether the program was conducted independently of the city were further recorded.
Data were collected for 96 municipalities, primarily located in Los Angeles County, with a portion located in Orange and Ventura counties. Course durations were grouped at natural breaks by 6 categories: Less than 30 minutes, 30 to 60 minutes, 61 to 90 minutes, 91 to 180 minutes, greater than 180 minutes, and missing. Similarly, targeted age was also classified into 6 groups: 0-5, 5-18, 18-50, 50+, all ages, and missing. Each listing for sports, fitness, or other recreation programs that required a metabolic equivalent (MET) value greater than 3.5 (physical exertion equivalent to moderate walking) was included in the database. We focused on recreational programming, instead of simple measures of access to parks or recreational facilities, because of our interest in understanding how active recreation per se was linked to the development of obesity in children. Addresses were geocoded in ESRI ArcView 9.2 and verified with Teleatlas. Only programs that were age appropriate to children and adolescents were included in the summation (for example, programs for senior citizens were excluded). With 8 years of follow up for BMI and other information, the application of summer 2006 recreation data might introduce some temporal mismatch errors; however, we assumed most of the communities were relatively well-established and recreational programming would be relatively stable year-to-year. Errors in the exposure to recreational programs due to this temporal mismatch would likely be non-differential and as such would bias our effect estimates toward the null.
Data analysis
We used a multi-level growth curve model that employed a flexible linear-spline based approach to characterize the nonlinear BMI trajectories during childhood. Similar models have been used for assessing lung function growth in our cohort and were adapted for BMI growth (Gauderman et al., 2007) . All BMI data were checked for outliers and internal consistency in the growth curves. We assessed separate gender-specific growth trajectories and combined models for both sexes. This approach allowed for examination of the effects of covariates of interest at various levels: between times (within individual), between individuals and between other levels of aggregation (e.g., school, neighborhood, town, etc.). Gender-specific BMI trajectories were estimated using linear splines with breakpoints at ages 12, 14 and 16, essentially fitting four straight lines for 9-12, 12-14, 14-16 and 16-19 yrs of age and joining them smoothly at the knots to provide nonlinear growth trajectories. The modeled trajectories predict BMI levels for any age group between 9 and 19. In this analysis attained BMI levels at age 18 were used as an example to identify their association with explanatory variables.
Many individual risk factors for BMI growth such as asthma and other respiratory conditions, individual and neighborhood/community level socio-economic indicators, smoking (both personal and second hand smoke), and numerous built environment variables around the home and school were also tested as confounders.
The final models were developed by including all additional confounders that (a) had a significant bivariate association with BMI growth and (b) changed the effect of interestparkland and recreational programming access -by at least 10% in either of the gender specific effects (see Jerrett et al. 2009 for similar approaches to confounding screening). In addition, we manually selected variables within substantive categories of built environment characteristics to prevent redundancy and avoid collinearity. Equality between gender-specific effects of built-environment factors was tested via appropriate interaction terms for gender related differences. Significance was based on a 0.05 level of significance for a two-sided hypothesis. All analyses were conducted by using the SAS (SAS Institute Inc., Cary, NC) and/or R (R Foundation for Statistical Computing, Vienna, Austria) statistical software packages. Data were compiled using ArcGIS 9.2 (ESRI, Redlands, CA) and some distance measurements were computed using Matlab v.R2006a (The Mathworks, Natick, MA).
Results
The cohort included 3173 children after data cleaning and elimination of outliers and missing values. Table 1 shows their BMI z-scores based on the Center for Disease Control classifications, showing variations across race, ethnicity and gender.
The number of recreation programs accessible within 5 and 10 km buffers varied markedly from place to place. Access of children to programs within 5 km of their home was so limited that we focused exclusively on accessibility within 10 km (Figure 4) for modeling purposes.
Based on screening for confounding variables, models were tested with two main effects: acres of parkland within a 500 m buffer of the child's home, and the number of public recreation programs offered within a 10 km buffer of the home. The parkland model included a series of confounders (Table 2) , the most important of which were traffic density within a 150 m buffer of the child's home , average urban imperviousness and normalized difference vegetation index 'greenness' values within 500 m of the home; total arterial (or high volume) road length within the 500 m buffer; number of 'X' intersections with the buffer (a measure of connectivity), and percent of population living below poverty within the residence's census block group. The recreation programs model had all of these confounders, as well as total population within the 500 m buffer around the home; the distance between the child's residence and the nearest highway; average tree canopy within the 500 m residence buffer; acres of agricultural land use and buffer population density within 500 m; and town level forcible rape rate per 100,000 as an indicator of violent crime. Of the 140 or so confounders tested, these were the only ones that met our inclusion criteria. All models also included design variables for race or ethnicity, gender, cohort or enrollment, and a random effect for town. Table 4 , indicated that access to both parkland and recreation programs reduce risk of overweight and obesity as measured by BMI attained at age 18. Gender differences were notable but significant only for access to recreation. When evaluated against the 10-90 th percentile exposure contrast for each variable, the effects sizes for access to recreation programming were much larger than those for parkland access. The effect on attained male BMI was about −0.19 units and for females about −0.1 units over the 10-90 percentile range of 14.82 programs. The combined estimate for males and females was about −0.14 BMI units for access to parkland. In contrast the effect of recreational programming was about 10 times greater across the 10-90 percentile exposure contrast of 82 programs, i.e., −1.87 BMI units for males, −1.1 for females with a combined estimate of −1.4.
Results for both models, shown in
As expected, the confounders diminished the strength of the relationships. Most confounders in the parkland model lowered effect sizes (up to 35.4%), but relationships between parks and BMI remained significant and negative. The largest changes in effect sizes for both genders were due to: (1) inclusion of walkability measures (traffic, density of arterial roadways, 'X' intersections), which increased or maintained the protective effect of parks for boys, while lowering it somewhat for girls. This is consistent with other studies suggesting that walking environment may have a greater impact on girls (Navidi et al., 1994) ; (2) imperviousness and green cover (NDVI), which decreased parkland effect sizes for both genders -predictable since these variables to some extent reflect abundance of parkland; and (3) neighborhood poverty, which was associated with reduced effect sizes for boys.
Some confounders tended to increase effect sizes but differentially by gender, often with larger increases for boys. Again, adjusting for traffic density and distance from a freeway increased the magnitude of the association for boys, while the freeway variable decreased coefficients for girls. Here, adjusting for other walkability measures increased the magnitude of the associations for girls, as might be expected. Adjusting for urban imperviousness and green cover, as well as agricultural land use reduced effect sizes across genders. Adding poverty was a positive confounder for boys and girls.
Model results were highlighted by considering the change in overweight and obesity rates if all children in the sample were to have commensurate (or average) access to parkland and recreation programs near their homes. Under this scenario, over 9.5% of boys would move from overweight to normal, and 2.6% would move from obese to overweight; for girls, the comparable shifts are 8.3% and 2.1%. Making access to parkland commensurate would move between 1.5 to almost 2% of children sampled from overweight to normal -a smaller but important implication for children's health.
Discussion and conclusions
The longitudinal analysis reveals the significant effect of parkland and publicly-provided recreation programs on attained BMI in a large cohort of children living in the 12 Southern California communities. Our research found almost 20% of these children had no access to recreation programs within 10 km, and over a third had no access within 5 km. Many children had very poor access to local parkland; over half had no park within 500 m of their homes.
This study breaks new ground, being the first to consider the impact of public recreation programs on obesity, compared to park access, in a longitudinal analysis of adolescence. The longitudinal design is critical to understanding relationships between obesity trajectories and the built environment/recreational programming, and helps overcome self-selection problems that typify cross-sectional research. Although families in our cohort may have initially moved to a particular home to be close to parks or recreation centers, our results capture the sustained influence of park and recreational proximity on obesity. The longitudinal design reduces the possibility of our effects being entirely due to selection bias where otherwise active families would locate into neighborhood that supported their healthy lifestyle. Through the longitudinal models, we have demonstrated a sustained effect of parks and recreational programming because the initial baseline BMI was controlled in our model. Thus while selection bias is still a possibility, we have demonstrated a sustained effect of the environment that is not solely due to move in of healthy active people to neighborhoods that support and promote physical activity, as could be the case in cross-sectional studies. Lastly, the models also controlled for many confounders at multiple levels, clearly distinguishing the influence of parkland and recreational program access. Though BMI at age 18 was used as an example to demonstrate these effects, the longitudinal study could also be used to detect those effects for age groups between 9 and 18.
Multicollinearity is not easily addressed in this multilevel modeling framework. There are no readily available tests that can simultaneously diagnose multicollinearity and account for the hierarchical clustered structure of the data. We did examine correlations among the variables and did not find any that were higher than 0.64 in bivariate correlations, suggesting sufficient independent variance to estimate stable effects (i.e., below Klein's of thumb of 0.7 r as being acceptable, meaning at least half the variance is free to be associated with the dependent variable). In fact, parks and NDVI had only a 0.35 correlation and with tree canopy the corresponding correlation was only 0.08.
Several limitations should be noted and addressed in future research. First, neither private recreational space such as backyards, nor private recreation programs (for example, at gyms), were included although such opportunities could influence obesity trajectories. Second, longitudinal information on dietary intake was not examined, but is likely to be a direct influence on attained BMI at age 18. Third, we assumed the relative stability of the recreation programs in public parks during the 8 years, some of which might change over time. Changes in the offerings of programs over this time may have introduced measurement error in our estimates, which may have attenuated the effects of recreation programs on BMI growth. However, most of the communities were relatively well-established and unlikely to change the recreational offerings over the period of study. In addition, we used circular buffers rather than network buffers to define the scope of influence. Network buffers might exert a more nuanced effect but would not be expected to generate a significant change in the results. The addition of geographic weighting techniques (Yang, Wu et al. 2009 ) might also provide more accurate estimates, and is something that should be considered in future research.
A number of prevention recommendations emerge from our results. First, the influence of access to public recreation programs on attained BMI at age 18 was large. The size of the effect was about 1.5 BMI attained units over the 10-90 percentile of the 10 km recreational program distribution. Where all children in the sample to have commensurate access to recreational programming, between 8-9 percent would move from overweight to normal and 2-3 percent from obese to overweight. Interventions designed to improve access to varied, age-appropriate programs close to home may be extremely important. Such programs could be offered at existing public and nonprofit facilities as well as at schools, increasing accessibility and lowering costs of provision, especially compared to the construction of new, dedicated recreation facilities.
Second, although increasing parkland has less impact on obesity development than provision of public recreation programs, and typically involves capital outlays and maintenance costs, attention to expanding park access is clearly important. Moreover, given that green cover confounds the effect of park access on BMI, investments in parkways, street trees, and other forms of green cover that promote walking, jogging, biking, and informal play appear warranted, and thus partially (although incompletely) substitute for new parklands in terms of their effect on physical activity. This is an important strategy for built-out cities with limited opportunities for new parkland acquisition that could complement additional recreational programming.
Third, walkability is important. Access to parks and recreation programs is effectively reduced by heavy traffic and dense arterial networks cutting through residential areas; the role of street network connectivity is somewhat ambiguous and deserves further research. Nonetheless, results suggest the utility of traffic calming measures, crossing guard programs, and safe routes to park/recreation facilities in urban design and planning.
Lastly, in many metropolitan regions, local per capita public expenditures on parks and recreation range widely; Joassart-Marcelli (Joassart-Marcelli, in review) found that in the poorest southern California communities, less than $80 per capita was spent, compared to affluent communities which spent almost $140 per capita. Given the importance of park and public recreation programs to obesity development, a critical prevention strategy is to increase access for children in poorer communities such as the Urban Park and Recreation Recovery Act (UPARR, 1978) and the Land and Water Conservation Fund Act (LWCRA, 1965) . Table 2 Variables included in the multilevel growth curve analysis. Table 3 Specific Model Results per one unit change (point estimates). In order to make comparable across risk factors, we estimated reduction in attained BMI based on 10-90% scale. Table 4 Effects on body mass index with increments in park space and recreation programs 
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